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I, Of the Methods of manlfefing the Prejfence, and dfcerialmtfg 
the polity y of fmall ^antities of Natural or Artificial 
pleSiricity. By Mr. Tiberius Cavallo, F.^ R. S. 

The Le«Sl:ure founded by the late Henry Baker, Efq.F.R. S* 
Read Novembef 15, 1787. 

T he pefTeveriiig induftry of many ingenious perfons in 
the philofophkal world, fince the beginning of the 
prelent century, has gradually, and with rapid fuccefs, exa¬ 
mined the effeds, afcertained the properties, and inveftigated 
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3 Mr. CAVA LLo’s Ohfervaimm on 

the laws of a fcience almoft entirely unknown before. Various 
wonderful pha;nomena of nature have been explained, means 
have been difcovered of avoiding fome of their dangerous 
effefls, and a greater infight into the general operations of 
nature has been derived, from the knowledge of fo great and 
fo extenfive a power as is commonly underftood under the 
name of eleBricity ; yet, if inllead of contemplating its more 
flrlking phsenomena, viz. thofe which are apt to furprife more 
by the magnitude of their effefls, than by the inftrudlpn 
w'hich they may afford, we endeavour to examine the fubjedl 
more clofely, we fhall find that our knowledge of eledlricity 
goes very little, if at all, beyond the fuperficial part of it. 
We know, for inftance, that a piece of glafs, or other eledtriq,,., 
when rubbed, will produce that power which we call eledlri- 
city, that the glafs will communicate the acquired eledlriclty 
to a piece of metal, that the piece of metal will retain that 
power in certain circumftances, and fb on; but no perfon has 
Ihewn how that power is generated by the fridtion, or what 
prevents its paffage through the fubftance of fome p-articulap 
bodies. It has been afcertained, that the air of mofi: coun¬ 
tries, and probably of the whole world, as w^ell as the clouds, 
fogs, rains, &c. are almoft always eledlrified; but we are 
ignorant of the office which this eledlricity can have in the 
great laboratory of nature; for furely fo general and fo adlive 
a power can hardly be intended by nature, merely to intimi¬ 
date mankind now and then with the thunder and the light- 

It appears, therefore, that thofe perfons, who are now 
willing to diftinguilh themfeives in this interefling- branch of 
natural philofophy, ought to examine the eledlrieal power not 
ib much in its accumulated, as in its incipient ftate. Its firfl 
5 origin. 
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origin, or very beginning, ought to be invefligated, it being 
afterwards very eafy to underftand its increafe; for we may 
eafily oomprehend, bow a great quantity of it may be accu¬ 
mulated from the often repeated additions of its fmalleft 
portions. 

This truth having been uaderftood by feveral philofopbical 
perfons, has induced them to contrive inftruments necelTary 
for the purpofe, and to make numerous obfe.vations, which 
have undoubtedly promoted the knowledge of the fubjedt; but 
k great deal ftill remains to be done, before we can attain to 
the knowledge of the objedt in view, viz. of the real nature, 
of the firil: origin, and of the general ufe of eledtricity. The 
inftruments hitherto itivented are ftill inadequate to the pur- 
pole, and the known methods of operating are not free from 
confiiderable objedfiqns. To examine the peculiar Conftruc- 
tions, intended ufes, properties, and defedls, of thofe inftru¬ 
ments, as well -as methods of performing the experiments, is 
the principal objedl of the prefent Ledlure, which I have the 
honour of delivering to this learned Society, and which may, 
perhaps, be of ufe to other experimenters in this branch of 
philofophy ;/ftnce what is mentioned in the following pages is 
the refult of long experience, and of confideration. Of expe¬ 
rience, which has often contradicted the fanguine expedlations 
of a pre-conceived theory; and of confideration, which has 
frequently demonftrated the abfurdity or infufticiency of 
sfchemes which, at firft fight, Teemed very ealy and plaufible. 

The late Mr. John Canton was, as far as I know, the 
firft perfon who conftrudted an, eledtrometer, or inftrument 
capable of (hewing the prefence of what was then eonfidered 
.as a fmall quantity of eledtricity. This inftrument confifted 
of two fmall balls of pith of elder or of cork, fallened to the 

B 3 two 
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two extremities of a linen thread, the middle of which wa^- 
faftened to an oblong wooden box, in which the thread and 
bails were kept, when not aftually in ufe. It was with fuch 
an inftrunaent thattMr. Canton himfelf. Father Beccaria, 
and others, afcertained the ele£lricity generally exiftiug in the 
air ; and that Mr. Ronayne difcovered the conflant eleftrlclty 
of fogs. But in the eourfe of my experiments, having mads 
frequent ufe of fach eleftrometers, it naturally occurred to 
me, that in feveral cafes, when the eleftrometer gave no f gns 
of eledlricity, or at leaf! not fufficient to afcertain its quality, 
the caufe of it was the refpe6fively large fize of the inftru- 
ment; for a fmall quantity of electricity being diffufed through 
the box, thread, and balls of the eleCtrometer, had not powen 
fufficient to feparate the balls, and of eourfe to ffiew its pre¬ 
fence. In Gonfequence of this, I contracted the fize of the 
electrometers to fuch a degree as could be affeCted by lefs than 
the tenth part of that quantity of eleCtricity which was ne- 
ceffary to affeCt Mr. Canton’s electrometer. But in making 
the electrometers very fhort, the ffiffnefs of the threads, which 
had been infignificant in a great extent,' became now very con? 
fiderable; hence, inftead of faftening the balls to the two ex¬ 
tremities of one piece of thread, I found it neceflary to fuf- 
pend each ball by a feparate piece of thread, the upper part 
of which was formed into a loop, which moved in a ring of 
brafs wire. 

The electrometers, thus improved, were ftill fubjeCt to a 
very great imperfection, which was the twilling of the threads; 
to avoid which I fubftituted fine filver wire, infiead of linens 
threads, Which anfwered very well.. However, in obferving 
the electricity of the atmofphere, thofe electrometers appeared 
to labour under a confiderable inconvenience, which was their 
4 being 
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leing difturbed by the wind ; for it frequently happened, that 
neither the exiftence, nor the quality, of the eleftricity could 
be afcertained on account of the wind agitating the inflrument; 
and becaufe the eledlricity being in fmall quantity would not 
remain on the eledlrometer a time futBclent to bring the inftru- 
ment within doors, where it might be examined without any 
obllruftion. In order to remove this imperfection, I inclofed 
the eledtrometer in a bottle, as it is defcribed in the Philo- 
fophical Tranfadions, Vol. LXX. which conflru 61 ioi» has been 
found to anfwer remarkably well. 

This bottle eleiSlrometer has been fince altered by various 
perfons ; though, in my opinion, thofe alterations do not tend to 
improve it altogether. M. db SAUssuREj by altering the fliape of 
the bottle, and depriving it of a neck, has rendered it capable of 
retaining the. communicated electricity only for a very fhort' 
time*; whereas, fome of thofe electrometers, conftruCted om 
my original plan, have retained the communicated eleCtricity. 
for more than four hours.- 

Belides this, M. de Saussure*, . as well as fome who make 
thefe electrometers for fale, have fubftituted pith balls, inftead 
of the conical corks of the original plan, the latter of which 
are preferable for two reafons ; “u/z. firft, beeaufe the balls of 
pith are apt to adhere to each other^, fo that on communicating 
the electricity they often do not fbew any rcpuhion at all; or 
if the communicated electricity be confiderably great, the pith 
balls, after adhering to each other for fome time, are atlaft fepa- 
rated with violence, fo as to fly to the fides of the bottle, which- 
fruftrates the experiment ; whereas the corks are not near fa 
fubjeCt to this inconvenience; and, fecondly, beeaufe the coni¬ 
cal lhape renders thofe corks capable of prefenting a much 

* Sau-ssvre’s Voyage dans les Alpesj Tom* II. 
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greater furface to each other, than if they were globular, 
their weights being the fame in both cafes; for it is very well 
known, that, of all the. folid figures, the fphere contains the 
greateft capacity under the leaft furface; and as the effects of 
eleflricity, in thofe cafes, is proportionate to the furface, and 
not to the quantity of matter, it follows, that the conical 
Ibape is preferable to the globular. 

Another alteration of the bottle eledrometer was lately mads 
by the Rev. Mr. Rennet, and is defcribedin the Philofophieal 
Tranfaftions, Vol. LXXVII. Part I. It confifts principally in 
fubftituting two flips of gold-leaf to the corks fufpended by 
wires. This alteration has fome peculiar advantages and difad- 
vantages. Its advantages are in general a greater degree of 
fenfibility, and ‘a more ealy confl;ru£lion. Its difadvantages 
are, firft, that the inflrument is not portable; and, fecondly, 
that even when not carried about, it is apt to be fpoiled very 
eafily. However, in Ibme Cafes it is very ufeful, fo that, upon 
the whole, it may be confidered as a very good improvement. 

As the faftening of the flips of gold-leaf to this eleftrome- 
ter, and to let them hang fiarallel, is rather difficult, it will 
not be improper to defcribe a method which I have contrived, in 
order to accomplilh it more eafily. .When the flips are cut, 
and are lying upon paper or leather, 1 make them equal in 
length, by meafuring them with a pair of compafles, and cut¬ 
ting off a portion from the longefl:: then cut two bits of 
very fine paper, each about half an inch long, and a quarter 
of an inch broad, and flick one of them, by means of a little 
wax, which is rubbed upon them, to one extremity of each flip of 
gold-leaf, fo as to form a kind of letter T. This done, I hold 
up, in the fingers of one hand, one piece of paper, with the gold 
leaf fufpended to it, and hold the otheT with the other hand; 

then 
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then bring them near to each other, and after having adjufted 
them properly, fo that the flips may hang parallel and fmooth, 
I force the pieces of paper, which now touch each other, be¬ 
tween the two fides of a fort of pincers made of brafs wire, 
which are faftened to the under part of that piece which 
forms the top of the eleflrometer: and, in order to change 
thofe flips wlieii fpoiled, I keep in a book feveral flips of gold- 
leaf ready cut, and furnilhed each with a piece of paper ; fo 
that by this means this eledlrometer is rendered, in a certain 
manner, portable. 

Sefrdes the way of afcertaining fmall quaiitities of eledlri- 
city^ by means of very delicate eledlrometers, two methods 
have been commimicated to the philofophical world, by which 
fuch quantities of eleflricity may be rehdeFed raanifeft, 
could not be perceived by other means. The firfl: of thofe 
methods is an invention of M. VonxA, the apparatus for it 
being called the Condenfer of RleStriclty, and is defcribed in the 
Philofophical TranfadionSj Vol. LXXIL The ffecond is a con¬ 
trivance of the above-mentioned Mr. Bennet, who calls the 
apparatus Doubler of EleBrmiy. A defcription of it is 
inferted in the Philofophical Tranfadlions, Vol, LXXVII. 

M. Volta’s condenfer confifls of a flat and fmooth metal 
plate, furniflied with an infulating handie, and a femi-coli- 
du(fl:ing, or imperfeflly Infulating, plane. When one wifhes to 
examine a weak electricity with this apparatus, as that of the 
air in calm and hot W-eatherf which is not generally fenfible to 
an eledlrometer, he mufl: place the above-mentioned plate upon 
the femi-conduCling plane, and a wire, or fome other con¬ 
ducing fubflance, mull: be conneCed With the metal plate, 
and muft be extended in the Open air, fo as to abforb its elec¬ 
tricity ; then, after a certain time, the metal plate muff' be 

feparated 
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feparated from the fetoi*condu£king plane, and being prefented 
to an eleftrometer will electrify it much more than if it had 
not been placed upon the above-mentioned plane. 

The principle on which the adion of this apparatus depends 
is, that the metal plate, whilfl: {landing contiguous to the 
femi-condu£ling plane, will both abforb-and retain a much 
greater quantity of eleftricity than it can either abforb or 
retain when feparate, its capacity being increafed in the former, 
and diminiftied in the latter cafe. 

Whoever confiders this apparatus, will eafily find, that its 
office is not to manifeft a fmall quantity of eledricity, but 
to condenfe an expanded quantity of electricity into a fmall 
{pace; hence, if by means of this apparatus one expeCled to 
arender more manifefl than it generally is, when communicated 
immediately to an eleClrometer, the eleClricity of a fmall tour¬ 
malin, or of a hair when rubbed, he would find himfelf 
mifiakem 

It is Mr. Beknet’s doubler -that was intended to anfwer 
that end .; viz, to multiply, by repeated doubling, a fmall, and 
otherwife unperceivable, quantity of eleClricity, till it became 
fufficient to affeCt an eleCtrometer, to give fparks, &c. The 
merit of this invention is certainly confiderable ; but the ufe of 
it is far from precife and certain. 

This apparatus confifts of three brafs plates, which we fhall 
call A, B, and G ; each of which is about three or four inches; 
in diameter. The firfi plate A is placed upon the gold-leaf 
electrometer, or it may be fupported horizontally by any other 
infulating {land, and its upper part only is thinly varnilhed. 
The fecond plate B is varnilhed on both fides, and is furnilhed 
with an infulating handle, which is fafiened laterally to the 
edge of it. The third plate C is varnilhed on the under fide 

only. 
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only, and is furniflied with an infulating handle, which is per- 
pendicular to its upper furface. 

This apparatus is ufed in the following manner. The plate 
B being laid upon the plate A, the fmah (Quantity of eledricity, 
which is required to be multiplied, is communicated to the 
under part of the plate A, and at the fame time the upper part of 
B is touched with a finger ; then the fiOger is firfl removed ; 
the plate B is afterwards removed from oyer the plate A. The 
plate C is now laid upon B, and its upper furfaceas touched,Tor 
a fhort time, with a finger. By this operation it is clear, that if 
the ele<Striclty communicated to the plate A is pofitive, the plate 
B mufl have acquired a negative eleftricity, and the plate C mufi: 
have acquired the pofitive, Wz. the fame of the plate A. Now 
the plate B, being feparated from C, is laid as before upon A ; 
the edge of C is brought into contadl with the under part of 
the plate A, and at the fame time the upper part of B is 
touched with a finger, by which means the plate B, being 
adfed upon by the atmofpheres of both the plates A and C, 
will acquire nearly twice as much eledlricity as it did the firft 
time, and of courfe will reader the plate C, when that is laid 
upon it, proportionably more eleftrified than before: thus, by 
repeating this operation, the eledricity may be increafed to any 
required degree. 

The varnifh on thofe furfaces of the plates which are to lie 
contiguous to each other feryes to prevent the metal of one 
touching the metal of the other; for in that cafe, inftead of 
one plate caufing a contrary eiedricity in the other, the elec¬ 
tricity of the firft would be gradually communicated to the 
others, and would be diffipated. 

As loon as I underftood the principle of this contrivance, I 
haftened to conftruft fuch an apparatus, in order to try feveral 
¥ol. LXXVIII. C expe- 
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experiments of a very delicate nature, efpecially on animal 
bodies and vegetables, which could not have been attempted 
before, for want of a method of afcertainiog exceedingly 
fmall quantities of eleftricity; but, after a great deal of trou¬ 
ble, and many experiments, I was at laft forced to conclude, 
that the doubler of eledlricity is not an inftrument to be de¬ 
pended upon, for this principal reafon ; viz. becaufe it multi¬ 
plies not only the eleclricity which is willingly communi¬ 
cated to it from the fubftance in queftion; but it multiplies 
alfo that eletlricity which in the courfe of the operation is 
almoft unavoidably produced by accidental fritlion; or that 
quantity of eleftricity, however fmall it may be, which ad¬ 
heres to the plates in fpite of every care and precaution, 

Having found, that with a doubler conftrudled in the above 
defcribed manner, after doubling or multiplying twenty or 
thirty times, it always became flrongly eleftrified, though no 
electricity had been communicated to, it before the operation, 
and though every endeavour of depriving It of any adhering elec¬ 
tricity had been praClifed; I naturally attributed that eleCtricity 
which appeared after repeatedly doubling, to fome friCtion 
given to the varnilh of the plates in the courfe of the opera¬ 
tion. In order to avoid entirely this fource of miftake, or at 
leaft of fufpicion, I conftruded three plates without the leaft 
varnilh, and which, of courfe, could not touch each other, 
but were to Hand only within about one-eighth of an inch of 
each other. To elFeCl this, each plate Hood vertical, and was 
fupported by two glafs flicks, which were covered with fealing- 
wax : fee Tab. I. fig. i. and 2., where AB is a wooden pe- 
dellal, 7I inches long, 2I broad, and 1J inch thick; C and D 
are the two glafs flicks cemented into the fland or pedeflal AB, 
and Jikewife into the piece of wood E, which is faflenedto the 

back 
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back of the plate. The plate itfeif isvof ftrong tinj and mea- 
fures about eight inches in diameter. The ftaiul AB projedls 
very little before the plate, by which means, tvheii two of 
thoie plates are placed upon a table facing each other, the 
Wooden ftands will prevent their coming into actual contadl, as 
may be clearly perceived an fig. 3. 

I need not defcribe the manner of doubling or of multiply¬ 
ing with thofe plates; the operation being eflcntially the fame 
as when the plates are conftrufted according to Mr. Bennet’s 
original plan, excepting that, inftead of placing them one 
upon the other, mine’are placed facing each other; and in 
performing the operation they are laid hold of by the woodeii 
Band AB; fo that no friftion can take place either upon the 
glafs legs, or upon any varnifh; for tWefs i plates have no need 
of being varnilhed. Sometimes, inftead of touching the plates 
themfelves with the finger, I have fixed a piece of thin wire to 
the back of the plate, and have then iapplied the finger to the 
extremity of the wire, fufpdfling that fome fridlion and fome 
eledlricity might poffibly be produced when the finger was 
applied in full contact to the plate itfeif. 

It is evident, that as the plates do not come fo near to each 
other in this, as they do in the other coiiftrudion, the electri¬ 
city of one of them cannot produce fo great a quantity of the 
contrary ele£iricity in the oppofite plate; hence, in this con- 
flruCtion, it will be neceffary to continue the operation of 
doubling fomewhat longer; but this difadvantage is more than 
repaid by the certainty of avoiding any friction. 

Having conflrufted thofe plates, I thought that I might pro¬ 
ceed to perform the intended experiments without any further 
obflruCtion ; but in this I found myfelf quite miftaken : for, 
on trying to multiply with thofe new plates^ and when no 

G 2 eledlricity 
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dedricity had been previoufly communicated to any of them, 
I found, that after doubling ten, fifteen, or at mod: twenty 
times, they became fo full of eledricity as to afford even 
fparks. All my endeavours to deprive them of eledricity 
proved ineffeduaU Neither expofing them, and efpecially the 
giafs flicks, to the flame of burning paper, nor broathing upon 
them repeatedly, nor leaving them untouched for feveral days, 
and even for a whole-month, during which time the plates 
remained conneded with the ground by means of good con- 
dudors, nor any other precaution I could think of, was found/ 
capable of depriving them- of every veftige of eledricity ; fo that 
they might fhew none after doubling ten, fifteen, or at mod: 
twenty times. 

The eledricity produced by them was not always of the 
fame fott; for fometimes it was negative for two or three days 
together ; at other times It was pofitive fortwo or three days 
more; andofteii It changed in every operation. This made me 
fufped, that poffibly the beginning of that eledricity was de¬ 
rived from my body, and being communicated by the finger to 
the plate that was firfl: touched, was afterwards rh'ultiplled. In 
order to clear this fufpicion, I adually tried thofe plates at dif¬ 
ferent times, •y/ss. before and after having walked a great deal, 
before and after dinner, &c. noting very accurately the quality 
of the eledricity produced each time; but the effeds feemed to 
be quite unconneded with the above-mentioned concomitant 
circumftances, which independence was further confirmed by 
obferving that the eledricity produced by the plates was of a 
fiuduating nature, even when, inftead of touching the plates 
with the finger, they had been touched with a wire, which 
was conneded with the ground, and which I managed by 
means of an infulating handle. 
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At laft, after a great variety of experiments, which it is 
■unneceflary to defcribe, I became fully convinced, that thofe 
plates did always retain a fmall quantity of eledricity, perhaps 
of that fort with which they had been laft eleftrified, and 
of which it was almoft impoffible to deprive them. The va¬ 
rious quality of the eledricity produced was owing to this, 
vi%. that as one of thofe plates was poflefl'ed of a fmall quan¬ 
tity of pofitive eledricity, and another was poflefted of the 
negative eledricity, that plate which happened to be the moft 
powerful, occalioned a contrary eledricity in the other plate, 
and finally produced an accumulation of that particular fort of 
eledricity. 

Thofe obfervations evidently (hew, that no precife refult' 
can be obtained from the ufe of thofe plates, and of courfe 
that, when conftruded according to the original plan, they are 
ftill more equivocal, becaufe they admit of more fources of 
miftake. 

As thofe plates, after doubling or multiplying only four or 
five times^ fhew no figns of eledricity, none having been 
communicated to them before, I imagined that they might 
be ufeful fo far only, viz. that when a fmall quantity of 
eledricity is communicated to any of them in the courfe 
of fome experiment, one might multiply it with fafety 
four or five times, which would even be of advantage in va¬ 
rious cafes; but in this alfo myexpedations were difappointed, 
as will appear from the following pages. 

Having obferved, after many experiments, that, ceteris fari- 
when I began to multiply from a certain plate, for in- 
ftance A, the eledricity which refulted was generally pofitive; 
and when I began with another plate B, <0/2, confide red this 
plate B as the firft plate, the refulting eledricity was generallj 

negative; 
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negative; I communicated fome negative eie£lrictty to tlie 
plate A, with a view of deftroying its inherent pofitive elec¬ 
tricity. This plate A being now eie(£lrified negatively, but fo 
weakly as juft to affeft an eleflrometer, 1 began doubling; but 
after having doubled three or four times, I found, by the-help 
of an electrometer,' that the communicated negati’ve eleelricity 
in the plate was diminithed inftead of being increafed ; fo that 
ibmetimes it vaniftied entirely, though by Gontinuing the ope¬ 
ration it often begin to increafe again, after a certain period. 
This (hews, that the quantity of eleCtricity, which however 
fmail it may be, remains in a manner faftened to the plates, 
will help either to increafe or to diminifh the accumuiation or 
multiplication of the communicated eleCtricity, according as it 
happens to be of the fame, or of a different nature. 

After all the above-mentioned experiments made, with thofe 
doubling or multiplying plates, we may come to the following 
conclufion, vi%. that the invention is very ingenious, but thek- 
ufe is by no means to be depended upon. It is to be Wiflied, 
that they may be improved, fo as to obviate the weighty ob- 
jeiftionS that have been mentioned in the preceding pages, the 
firft defideratum being to conftruCf a fet of fuch plates as, when 
no eleCfricity is communicated, they will produce none after 
liaving performed the operation of doubling for a certain num¬ 
ber of times. 

Upon the whole, the methods by which fmail quantities of 
eleCbricity maybe afcertained with preciffon are, as far as I 
know, only three. If the abfolute quantity of eleClricity be 
fmail and pretty well condenfed, as that produced by a fmail 
tourmalin when heated, or by a hair when rubbed, the only 
effectual method of manifefting its pfefence, and afcertaiiling, 
its quality, is to communicate it immediately to a very delicate 

electrometer, 
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electrometer, vh. a very light one, that has no great extent of 
metallic or of other conducting fubftance;, becaufe if the 
fmall quantity of eleCtricity that is communicated to it be 
expanded throughout a proportionably great furface, its elalB- 
city, and ef courfe its power of feparating the corks of an 
electrometer, will be diminilhed in the fame proportion. 

The other cafe is, when one wants to afcertain the prefence 
of a confiderable quantity of eleCtricity, which is difperfed or 
expanded into a great fpace, and is little condenfed, like the 
conftant eleClricity of the atmofphere in clear weather, or like: 
the electricity which remains in a large Leyden phial after the 
firft or fecond difcharge. ' 

To eifeCt this, I life an apparatus, which in principle ic 
nothing more than Mr. Volta’s condenfer; but with certain 
alterations, which render it lefs efficacious than in the origi¬ 
nal plan, but at the fame time render it much lefs fubjeCt tO' 
equivocal refults. I place two of the above defcribed tin plates 
upon a table, facing each other, as (hewn in fig. 3. and about 
one-eighth of an inch afunder. One of thofe plates, for in- 
ilance A, is conneCfed with the floor by means of a wire, and 
the other plate B is made to communicate, by any convenient 
means, with the eleCtricity that is required to be collected. In 
this difpofitlon the plate B, on account of the proximity of 
the other plate, will imbibe more eleCtricity than if it flood far 
from it, the plate A in this cafe aCting like the femi-conduCting 
plane of M. Volta’s condenfer, though not with quite an 
equal effeCt, becaufe the other plate B does not touch it; but 
yet, for the very fame reafon, this method is incomparably 
lefs fubjeCt to any equivocal refult. When the plates have 
remained in the laid fituation for the time that may be judged 
necefl'ary, the communication between the plate Bj and thr 
a conducting. 
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•ondu^tlng fubftance which conveyed the eledlricity to it, miift 
be difcoutinued by means of a glafs flick, or other infulating 
body; then the plate A is removed, and the pla'te B is pre" 
fented to an eleflrometer, in order to afcertain the quality of 
the eleftricity j but if the eledlrometer be not affedled by it, 
then the plate B is brought with its edge onto contadl with 
another very fmall plate, which flands upon a femi-conduding 
plane, after the manner of M. Volta’s condenfer; which 
done, the fmall plate, being held by its infulating handle, is 
removed from the Inferior plane, and is prefented to the elec¬ 
trometer : and it frequently happens, that the fmalf plate will 
afFed the eledrometer very fenfibly, and quite fufficient for 
the purpofe; whereas the large plate itfelf fhewed no clear 
figns of eledricity. 

If it be afked, why I ufe the femi-conduding plane for this, 
fmall plate, and not for the large one ? the anfwer is, firfl, be- 
caufe the large femi-conduding plane is incomparably more 
difficult to be procured than the fmall one; and, fecondly, 
becaufe the frnall plane may be eafily deprived of any acci¬ 
dental eledricity which, may adhere to it; but the large one is 
more difficultly rendered fit for the purpofe, efpecially as the- 
large plate ought in general to remain upon it a much longer 
time than the fmall plate is to remain upon its femi-conduding 
plane. 

The third and lafl cafe is when the eledricity to be afcer- 
tained is neither very confiderable in quantity, nor much con'^ 
denfed ; fuch isthe eledricity of the hair of certain animals, 
of the furfcice of chocolate when cobling, &c. In this cale 
the bell method is to apply a metal plate, furniffied. with an 

^ This fmaU plate is nearly of, the fize of a fuilliiig, and the ferai-conducing 

piaoe.b of wood covered vvirh cop a! varniib* 

infulating 
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Infulatlng handle, like an eleiStrophorus plate, to the eledlrined 
body, and to touch this plate with a finger for a (hort time 
whilft Handing in that fituation ; v/hich done, the plate is re¬ 
moved, and is brought near an eledlrometer; or its eledlricity 
may be communicated to the plate of a fmall condenfer, as 
diredted in the preceding cafe, which will render the eledlricity 
more confpicuous. It is evident, that in this cafe the metal 
plate will acquire the eledlricity contrary to that of the fub- 
Hancc in queftion ; but this anfwers the fame purpofe: for if 
the eledlricity of the plate be found to be pofitive, one muft 
conclude, that the eledlricity of the body in queftion is nega¬ 
tive, and contrariwife. In this operation, care muft be had 
not to put the metal plate too near, or in full contadi; with the 
fubftance to be examined, left the fridtion, likely to happen 
between the plate and the body, ftiould produce fome eledlri- 
city, the origin of which might be attributed to other caufes. 
Having thus far deferibed the fureft methods of afeertaining 
the prefence and quality of eledlriclty, when its quantity or 
degree of condenfation is fmall, I (hall now beg l^ave to add 
fome farther remarks on the fubjedl of eledlricity in general, 
and which have been principally fuggefted by what has been 
mentioned in the preceding pages. 

On the hypothefis of a fingle eledfrlc fluid, it is faid, that 
every fubftance in nature, when not eledlrified, contains its 
proper lhare of eledlric fluid, which is proportionate to its bulk, 
or to fome other of its properties; and it is generally believed, 
that this equal or proportionate diftribution of eledlric fluid 
takes place with the greateft part of natural bodies. However, 
the fadl is far from being fo; and I may venture to aflert that, 
ftridfly fpeaking, every fubftance is always eledlrified, viz. 
that every fubftance, and even the various parts of the fame 
VoL. LXXVIII. D body, 
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body, contain at all times more or lefs ele£lric fluid than that 
quantity of it which it ought to contain, in order to be in an 
eledfrical equilibrium with the bodies that furround it. 

At hrft fight it may be thought quite immaterial to know, 
whether the eleftric fluid is difperfed in the juft proportion among 
the various fubftances which are not looked upon as electri¬ 
fied, or whether it deviates in a fmall degree from that propor¬ 
tionate diftribution ; but it will hereafter appear, that one of 
thofe aftertions will lead us to the explanation of an interefting 
phEenomenon in eleCtricity, whereas the other does not admit 
of it; befides, what is called fmall difference of the propor¬ 
tionate diftribution, infomuch as it does not affeCl our inftru- 
ments, may be fufficient for feveral operations of nature, which, 
it is our intereft to inveftigate. 

If we inquire what phsenomena evince this altered diftribu¬ 
tion, or the aClually eleClrified ftate of all bodies, the pre¬ 
ceding obfervations will furnifti fome very unequivocal ones; 
efpecially that of the doubling plates made after my plan, 
which fhewed to be eleClrified even after having remained un¬ 
touched for a whole month, during which time they had 
been in communication with the ground; for if each of them 
had contained an equal ftiare of eleClric fluid, the eleClrk: 
atmofphere of one of them could not poflibly oecafion a con¬ 
trary eleClricity in the other, and confequently no accumula¬ 
tion of that power could have happened. 

A o'reat number of inftances are related in books on the 

O 

fubjeCl of elcftricity, and in the Philofopbical TranfaClions, 
of pieces of glafs, of fulphur, of fealing-wax, &c. having 
remained eleClrified fo far as to affeCl an eledrometer for 
months after they had been excited, or even touched; but the 
following experiment will Ihew, in a clearer manner,, the great 
5 length 
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length of time that a quantity of eledlricity will remain upon 
a body. 

Having conltrutted a gold-leaf ele£l:rometer in the nicefl: 
manner I could, and which, on account of the non^condufting 
nature and conftruftion of its upper part, could remain fenfibly 
eledrified for feveral hours together, I communicated fome 
cledricity to it, which caufed the flips of gold-leaf to diverge 
with a certain angle; and as the eledlricity was gradually diffi- 
pated, ;the divergency diminiflied in the fame proportion. 
Now, whilfl: this diminution of divergency was going on, I 
looked through a fmall telefcope, and by means of a micro¬ 
meter meafured the chords of the angles of divergency, fet- 
ting down the time elapfed between each pair of contiguous 
obfervations j and as the chord of the angle of divarication is^ 
in the direft Ample proportion of the denfity of the eledlric 
fluid*, I Could by this means know how much eledfric fluid 
was loft by the eledlrometer in a certain time, and of courfe 
what portion of the eledricity firft communicated to the elec¬ 
trometer ftill remained in it. Let us make the chord of the 
angle of divarication on firft eledrifying the eledrometer, or 
rather when firft obferved, equal to i6 ; or let us conceive that 
quantity of eledrlcity to be divifible into 16 equal parts* , 

I obferved, that when the chord of the angle became equal 
to eight, the time elapfed between this and the firft obfervation 
was one minute; when the chord became equal to four, the 
time elapfed between this point and the preceeding obfervation 
was f op ''; when the chord became equal to two, the 
time elapfed fince the preceding obfervation was and 

when the chord became equal to one, the time elapfed fince the 

* This, propofition was firft afcertained by F. Beccaria. See Philofpliical 
'Tranfaiftions., Vol. LVI. 

D preceding 
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preceding obfervation was one hour and a quarter; after which 
the eleflromcter remained fenfibly eledrified for a long time. 

In repeating this experiment, the times elapfed between the 
correfponding obfervations did not follow ftridly the fame pro¬ 
portion of increafe; nor did they increafe regularly in the fame 
experiments, which may be attributed in great meafure to the 
inaccuracy in obferving, and to the fluctuating flate of the air; 
but it could be fafely inferred from all the experiments, that 
the times required for the difperfion of the eleClricity were at 
leafl: greater than the inverfe duplicate proportion of the den- 
lities of the eleClricity remaining in the electrometer. And if 
we imagine, that they continue to diminilh in the fame propor¬ 
tion of increafing time, which is far from being an extrava¬ 
gant fuppofition, we fhall find, by a very eafy calculation, 
that about two years after the electrometer would ftill retain the 
hundredth part of the eleCtricity communicated to it in the 
beginning of the experiment; and as we do not know how 
far a quantity of electricity is divifible, or to what extent it 
maybe expanded, we may Conclude with faying that, ftriCtly 
fpeaking, the eleCtrometer would remain eleCtrified for many 
years. 

It may be inferred from this, as well as from many other 
experiments, that the air, or in general any fubftance, is a 
more or lefs perfeCt conductor of eledricity, according as the 
electricity which is to pafs through it is more or lefs condenfed; 
fo that if a given quantity of eleCtric fluid be communicated 
to a fmall brafs ball, one may take it away by Amply touching 
the hall with a finger; but if the fame quantity of eleCtric 
fluid be communicated to a furface of about loo or looo 
fquare feet, the touching with the finger will hardly take away 
any part of it. 

7 


If 



fmall ^antitles of EleSirmiy, z e 

If it be afked, what power communicates the ele£tiicity, or 
originally difturbs the equilibrium of the natural quantity of 
eleftric fluid in the various bodies of the univerfe; we may 
anfwer, that the fluctuating eleCtric ftate of the air, the paffage 
of electrified clouds, the evaporation and condenfation of fluids, 
and the friCtion arifing from divers caufes, are perpetually aft- 
ing upon the eleCtric fluid of all bodies, fo as either to increafe 
or diminifli it, and that to a more confiderahle degree than is 
generally imagined. 

I fhall laftly conclude, with briefly propofing an explanation 
of the production of eleCtricity by friCtion, which is depen¬ 
dent upon the above ftated propofition, viz. that bodies are 
always eleCtrified in fome degree ; and likewife upon the well 
known principle of the capacity of bodies for holding eleCtric 
fluid being increafed by the proximity of other bodies in certain 
circumftances. 

It feems to me, that the cylinder of an eleCtrical machine, 
like ABC in fig, 4. mull always retain fome eleCtricity of the 
pofitive kind, though not equally denfe in every part of its 
furface ; therefore, when the part of it A is fet contiguous to 
the rubber f gy it mull induce a negative eleCtricity in the 
rubber. Now, when by turning the cylinder, another part 
of It B (which fuppofe to have a lefs quantity of pofitive 
eleCtricity than the preceding part A) comes quickly againlt 
the rubber ; the rubber being already negative, and not being 
capable of lofing that eleCtricity very quickly, muft induce a 
flronger pofitive eleCtricity in the part B, which is now oppo- 
fite to it; but this part B cannot become more pofitively elec¬ 
trified, unlefs it receives the eleCtric fluid from fome other 
body, and therefore fome quantity of eleCtric fluid pafies from 
the loweft part of the rubber to the part B of the glafs, which 
additional quantity of eleCtric fluid is retained by the part B 

only 
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only vvhllft It remains in conta6t with the rubber ; for after, 
that, its capacity being diminifhed, the eleitrie fluid endea¬ 
vours to efcape from it. Thus we may conceive how every 
other part of the glafs acquires the eledric fluid, &c. and 
what is faid of the cylinder of an eledrical machine may, 
with proper changes, be applied to any other eledric and its 
rubber. 

It appears, therefore, that according to this theory, a part 
of the rubber, viz. that which the furface of the glafs cylinder 
enters in turning round, muft ferve to furnilh the eledric fluid 
to the glafs, and the upper part muft: b^ poflefled of a negative 
eledricity capable of inducing a pofitive eledricity in the glafs 
contiguous to it. In fad, this fee ms to be confirmed by the 
general pradice and experience; for that rubber anfwers bell 
for an ufual eledrical machine, which can eafily condud the 
eledric fluid with its under part, and the upper part of which 
is more ready to acquire, and to retain, the negative eledricity; 
hence the rubbers are generally furnilhed with amalgam below, 
and with a piece of filk above; hence alfo, if the cylinder 
of the machine be turned the contrary way, it will produce 
little or no eledricity. 

It often happens, that the part which conduds the fluid, 
and that which acquires the eledricity contrary to that of the 
eledric, are not fo difpofed in a rubber as the one above de- 
fcribed; but it remains always true, that the rubber muft be 
poflefled of thofe two properties, viz. to condud the eledric 
fluid very readily in one or more parts, and to acquire, as well 
as retain, on other parts, an eledricity contrary to that ac¬ 
quired by the eledric that is to be rubbed with it. 
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